Intrathecal baclofen ROM Range of motion AIM To investigate the effect of intrathecal baclofen (ITB) on function and activity in dyskinetic cerebral palsy (CP).
Dyskinetic cerebral palsy (CP) is characterized by involuntary, uncontrolled, recurring, occasionally stereotyped movements. Primitive reflex patterns predominate and muscle tone varies. 1 There are two major patterns of movement disorder: dystonia and choreoathetosis. In a populationbased study of children born between 1991 and 1998 with dyskinetic CP in western Sweden, 39 out of 48 children were predominantly dystonic and there were also signs of spasticity in 33 out of 48. 2 Primitive reflexes were found in 43 out of 48, with the asymmetric tonic neck reflex being the most prevalent. Most children with dyskinetic CP have a severe motor impairment, often accompanied by other problems, such as intellectual impairment and epilepsy, with increasing occurrence by severity of motor impairment. 2 Communication is often hampered: most are without speech and rely on augmentative and alternative communication. However, in a recent study by Monbaliu et al., 3 almost half of the participants were able to communicate with unknown partners. Involuntary movement and primitive reflexes may disturb the use of augmentative and alternative communication, and optimal medical treatment and positioning is consequently vital to facilitate communication.
Baclofen, a c-aminobutyric acid agonist, can be used orally and intrathecally to reduce dystonia and spasticity in children with CP, and has been shown to improve ease of care, reduce pain, and to be cost-effective. [4] [5] [6] The effect on choreoathetosis is seldom described. The continuous administration of baclofen directly into the intrathecal space requires the implantation of a pump. Consensus papers have been published on the appropriate use of intrathecal baclofen (ITB) treatment in children with spasticity and dystonia. 7, 8 However, most studies have focused on ITB in spasticity.
The aim of this study was to investigate the effect of ITB in children and young people with dyskinetic CP on function and activity, as described in the International Classification of Functioning, Disability and Health. 9 
METHOD Participants
Participants who received ITB at the spasticity clinic at the regional rehabilitation centre during 2004 to 2013 were recruited. Inclusion criteria were: a diagnosis of dyskinetic CP and ITB treatment. Exclusion criteria were: absence of data before or after implantation. A decision on ITB was made after a thorough clinical assessment and a separate test period of 3 to 5 days of ITB with increasing doses administered with an external pump, where daily assessments of dystonia, hyperkinesia, and spasticity were made. Programmable SynchroMed (Medtronic, Minneapolis, MN, USA) infusion pumps were implanted.
Data were retrieved from the medical records of patients who had received ITB treatment. Participants were assessed before ITB, in the process of decision on treatment, and after a minimum of 1 year of treatment, with a standardized protocol including data on levels of body function and activity according to the International Classification of Functioning, Disability and Health. All assessments were made by the authors.
A structured interview was performed with the parents, about activities in daily life, sitting function, communication, pain, sleep, gross and fine motor function, and ease of care (see Appendix S1, online supporting information). A goal was set together with the parents before intervention. The interviews were conducted by an occupational therapist (KO or KL), a physiotherapist (MNE), and a child neurologist (KH or MP) in the team, and were documented in the patient's medical record. Changes after ITB on the variables of activities in daily life, sitting, communication, pain, sleep, and gross and fine motor function were graded by the parents in the interview as better, no change, or worse.
Measurement methods
Dystonia at rest and in activity was assessed from video recordings with the participants sitting in their own chairs, sitting quietly and if/when possible in fine motor activity and/or during communication, and lying on a bench at rest and in gross motor activity. The Barry-Albright Dystonia Scale 10 was used to evaluate dystonia. This scale grades dystonia in eight body regions (eyes, mouth, neck, trunk, upper and lower limbs) on a 0 to 4 scale, where 0 is no dystonia and 4 is dystonia present over 50% of the time and preventing positioning and/or motor function. A score of 32 represents maximal dystonic activity.
Muscle tone was tested with the Modified Ashworth Scale 11 in elbow extensors and flexors, hip extensors and abductors, hamstrings muscles, knee extensors, and ankle plantar flexors. Change after ITB was graded by the therapist as better, no change, or worse.
Passive range of motion (ROM) in the legs was measured with a plastic goniometer for eight functions (hip: extension, flexion, abduction, external and internal rotation; knee: extension and flexion; ankle: dorsiflexion). Passive ROM and spinal alignment were graded according to the Spinal Alignment and Range of Motion Measure. 12 The scale was modified by not using the '0' grade (no restriction of ROM and no abnormal posture) and only using grades 1 to 4, where grade 1 is reducible through passive movement, and grades 2 to 4 are structural and irreducible limitations with increasing contractures/fixed deformities.
Gross and fine motor function were classified with the Gross Motor Function Classification System (GMFCS), 13 the Manual Ability Classification System, 14 and the Bimanual Fine Motor Function. 15 Gross motor function was tested with the Gross Motor Function Measure 88-item version (GMFM-88), dimension A (lying and rolling). 16 Height was measured with a tape measure with the participant lying supine. If there was a discrepancy in leg length, the measurement was made along the side with the longer leg. Weight and height measures were documented before treatment and at follow-up, and compared with Swedish standardized growth curves. 17 The study was approved by the Regional Ethics Review Board, University of Gothenburg, Sweden, with written informed consent from parents/legal guardians of all participants.
Statistical methods
Assumptions of normality in the Barry-Albright Dystonia Scale, ROM, and GMFM-88 were checked by quantilequantile (Q-Q) plots (see Figure S1 , online supporting information), showing no major deviations from normality and hence a paired samples t-test, two-sided, was used for statistical analysis. Changes graded as better, no change, or worse were analysed with the sign test. Data were checked by replacing missing values with maximum and minimum possible outcome values.
The level of significance was set to p<0.050. The software package SPSS version 22.0 (SPSS Statistics, IBM Corporation, NY, USA) was used for statistical analysis.
RESULTS
Twenty-five patients with a diagnosis of dyskinetic CP received ITB during the period and were included in the study. Follow-up of function was performed at a mean of 1 year and 6 months (SD 7mo) after ITB implantation. There were 15 male and 10 female participants, with a mean age of 10 years and 11 months (SD 4y 9mo) at ITB implantation. Mean height (n=22) was À1.58SD before and À1.34SD after ITB implantation; mean weight (n=24) was À2.28SD before and À1.73SD after. Onethird of the participants increased by 1SD or more in weight and height on a standardized growth curve, a non-significant trend.
The catheter tip was typically at mid-thoracic level according to local routines. One year after implantation, mean baclofen dose was 257lg per day (range 88-619) and after 2 years was 327lg per day (range 86-1050). Most participants had a slow increase or stable dose of ITB. One of the participants (with a background of kernicterus)
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demanded a rapidly increasing dose. However, this individual reported gains similar to the rest of the group.
Five participants were classified in GMFCS level IV, and 20 in level V. All but one needed support in sitting, 16 used thoracolumbar braces (three for scoliosis treatment and 13 as a support in sitting). One was classified in Manual Ability Classification System level III, three in level IV, and 21 in level V. One was classified in Bimanual Fine Motor Function level III, six in level IV, and 18 in level V. All but one participant had no speech, of whom 16 were mainly dependent on body language/facial mimic and interpretation by parents/guardians/teachers. Eleven used devices for augmentative and alternative communication. Eight were using Bliss symbol charts, most of them pointing with a laser pointer mounted on eyeglass frames, and two were using a manual switch. One participant used an alphabetical board, pointing with a finger.
Goal attainment
Most of the goals set by parents were related to making seating/sitting and daily care easier, by reduction in muscle tone and involuntary movements. The goal was fully reached in 19 participants and partly reached in six.
Data on changes with the ITB are presented in Tables I  and II and Figures 1 and 2 , with grading from parent interviews in Table SI (online supporting information) .
Daily activities, sitting, and communication
Statistically significant improvements were seen in activities in daily life, sitting, and communication activities. Improvement in activities in daily life was seen in 20 out of 25 participants, with easier dressing (18), transfer (8), toileting (7), and feeding (7). The ability to sit improved in 16 out of 22 children; it was easier to place them in the chair and they could sit for longer periods. Improved communication was seen in 16 out of 24 children, expressed as ease in vocalization, more variation in sound production, and improved use of devices for augmentative and alternative communication.
Pain and sleep
Before ITB, presence of pain was reported in 16 out of 25, and sleep was reported to be disturbed for seven out of 24. After ITB, parents reported reduction or absence of pain in 13 and improved sleep in nine children, a change that was statistically significant (Table I) .
Gross and fine motor function
Data on GMFM-88 dimension A (lying and rolling) were available for 17 patients before ITB, with a mean score of 33.0% (SD 15.4). There were baseline and follow-up data for 11 participants, with a wide variation in results, some improving and some deteriorating, although no statistically significant difference was found on a group level. Gross motor function was reported by parents for 22 patients, who reported no change in 14, an improvement in four, and a decrease in four. Similarly, fine motor function was reported by parents for 22 patients and was considered improved in 14, no change in five, and with deterioration in three. There were no changes in classification in the Manual Ability Classification System or Bimanual Fine Motor Function.
Dystonia
At the assessment before ITB, dystonia was present in all 25 children during activities and for all but three at rest. The difference with more dystonia in activity than at rest was statistically significant both before and after ITB (p<0.001). At follow-up after ITB, there was decreased dystonia both at rest and in activity (p<0.001). The mean change was 78% at rest, and 48% in activity.
Muscle tone
Increased muscle tone was present in both arms and legs in all participants before ITB. There was a wide variation in severity ranging from grade 1 (slight increase) to 4 (affected part[s] rigid in flexion or extension). Most frequent were grades 2 (more marked increase in muscle tone through most of the ROM, but affected part[s] easily moved) and 3 (considerable increase in muscle tone, passive movement difficult).
There was a decrease after ITB in 19 participants, and no change in six (p<0.001). The decrease was noted in the legs in 18 participants and in the arms in 11.
ROM and spinal alignment
All participants had restricted passive ROM, present in 229 out of 386 (59%) of the measured joints, graded as a mild contracture in 30%, moderate in 20%, and severe in 9%. The largest restriction of ROM was in hip abduction and in hamstrings muscles, with only one participant within the normal range, followed by restriction in hip flexion with three children within normal range. Least affected was hip external rotation, with only three participants having contractures. There were only small changes after the 
Adverse events
Catheter revisions were made in five participants. In one case, the first pump was explanted owing to infection and a new pump was later implanted. The follow-up data were gathered after reimplantation. Other complications were subcutaneous leakage of cerebrospinal fluid postoperatively, treated conservatively, with compression in 10 out of 25 participants.
DISCUSSION
With ITB there was a positive effect on both activities and body function domains in this group of children/young people with a diagnosis of dyskinetic CP, contributing to reduced caregiver burden. Similar findings have previously been presented in children with CP and severe spasticity. 18, 19 Parents' goals were focused on sitting and daily care, and reduction of involuntary movements and spasticity, goals that often were fulfilled, making life easier both for children and for parents. According to Albright et al., 20 a reduction in the Barry-Albright Dystonia Scale score of 25% or more is a clinically significant decrease, a percentage that was exceeded in almost all participants in the present study.
There were also improvements in communication and fine motor function, activities not subject to goal-setting beforehand in this study. Improved communication included better control of eye and neck movements, more variation in voicing, and better fine motor control, enabling improved possibilities to be understood and use of augmentative and alternative communication. An explanation for this improvement may be that reduced muscle tone and decreased frequency and amplitude of involuntary movements/postures made it possible to use arms, head, and voice in a voluntary way and for a meaningful purpose, such as communication. This creates opportunities for interaction that is of vital interest for participation and quality of life. Improvement in speech has previously been reported by Albright et al. 20 Muscle contractures were frequent in the group, with the largest restrictions in hip abduction, hip flexion, and hamstrings muscles. All of these can compromise the possibility of a functional sitting position and thus make communication and fine motor activities more difficult. Children and adults with dyskinetic CP spend most of their wake time sitting or sedentary, which makes the task of finding an optimal sitting position one of the most important goals for treatment in this group. According to Ramstad et al., 21 adjustments of sitting equipment in children with ITB need to be made after changes in dystonia and spasticity, depending on doses. 21 There was no change in ROM in the group after ITB. However, no change can sometimes be positive, when deterioration is usually to be expected, which is often the case in CP. 22 Reduced muscle tone may decrease the risk of further development of contractures, but other interventions are needed to deal with muscle contractures such as positioning, orthoses, and orthopaedic surgery. As development of contractures is a slow process, there is also a need for a long-term follow-up after ITB for this aspect.
Most participants had a slow increase or stable dose of ITB. The doses in the present study varied, similar to those reported in other studies. 20, 21 Ramstad et al. 21 reported doses ranging from 86 to 576 after 18 months of treatment in a group with mixed CP types. Individuals with dyskinetic CP are expected to require higher doses of ITB than those with spastic CP. However, the range of doses in this study did not support this. The complication rate was 24% for problems with catheters. Similar frequencies have been reported by others. 20, 23 Every such event gave the patient and family the option to discontinue the treatment. However, the choice was always to resume ITB.
Limitations
This was a small study without a comparison group, which limits the generalizability of the results and the conclusions that can be drawn from the data. As in other studies evaluating the effect of ITB, the results in this study are mostly based on interviews with parents. 20, 24 It is difficult to cover all aspects of everyday life both for the child and for their family through interviews, but using these is partly because of the lack of objective methods and instruments for assessing children with severe impairments. There is a need for more objective tools to measure effects of interventions on activity, and there is also a lack of instruments for assessing sitting function in this group.
The presence of pain may have been underestimated in this study, compared with the data from a multicentre European study. 25 It is difficult to evaluate pain in children with impaired communication, and some parents stated after ITB that the children probably had pain before, although the parents had not realized this at the time. A similar inconsistency is illustrated by the fact that parents reported disturbed sleep in seven cases before ITB, and improved sleep in nine cases at follow-up.
CONCLUSIONS
We conclude that ITB may have the potential to improve everyday life for children and young people with dyskinetic CP. However, it is important to evaluate the effects of ITB in dyskinetic CP in a randomized controlled study. One such study is underway, which will hopefully shed light on the effects of ITB and their magnitude in dyskinetic CP. 26 preparation, and/or publication decisions. The authors have stated that they had no interests that might be perceived as posing a conflict or bias.
SUPPORTING INFORMATION
The following additional material may be found online:
Appendix S1: Interview with parents. Figure S1 : Quantile-quantile plots of Barry-Albright Dystonia Scale, range of motion, and Gross Motor Function Measure 88-item version Table SI : Parents' grading of change after intrathecal baclofen.
